Management of acute necrotizing pancreatitis has changed significantly over the past years. Early management is non-surgically and solely supportive. Today, more patients survive the early phase of severe pancreatitis due to improvements of intensive-caremedicine. Pancreatic infection is the major risk factor with regard to morbidity and mortality in the late phase of severe acute pancreatitis. Whereas early surgery and surgery for sterile necrosis can only be recommended in selected cases, pancreatic infection is a well accepted indication for surgical treatment. Surgery should ideally be postponed until four weeks after the onset of symptoms as necrosis is well demarcated at that time. Four surgical techniques can be performed with comparable results regarding mortality: necrosectomy combined with (1) open packing, (2) planned staged relaparotomies with repeated lavage, (3) closed continuous lavage of the retroperitoneum, and (4) closed packing. However, closed continuous lavage of the retroperitoneum, and closed packing seem to be associated with a lower morbidity compared to the other two approaches. Advances in radiologic imaging, new developments of interventional radiology and other minimal access interventions have revolutionized the management of many surgical conditions over the past decades. However, minimal invasive surgery and interventional therapy for infected necrosis should be limited to specific indications in patients who are critically ill and otherwise unfit for conventional surgery. Open surgical debridement is the "gold standard" for treatment of infected pancreatic and peripancreatic necrosis.
INTRODUCTION
The management of acute pancreatitis has been controversial for more than 100 years, varying between a conservative medical approach on the one hand and a surgical approach on the other. There has been great improvement in knowledge of the natural course and pathophysiology of acute pancreatitis over the past 20 years. The clinical course of acute pancreatitis varies from a mild transitory form to a severe necrotizing disease. Severe pancreatitis is associated with organ failure and/or local complications such as necrosis, abscess formation, or pseudocysts (1).
Severe pancreatitis can be observed in 15-20 % of all cases. The first two weeks after onset of symptoms are characterized by the systemic inflammatory response syndrome (SIRS). In parallel, pancreatic necrosis develops within the first 4 days after the onset of symptoms to its full extent, while infection of pancreatic necrosis develops most frequently in the 2nd and 3rd week (2). Infection of pancreatic necrosis is still the major risk factor of sepsis-related multiple organ failure and the main life-threatening complication in the later phase of severe acute pancreatitis (3-5). Pancreatic infection correlates with the duration of the disease, and up to 70 % of all patients with necrotizing disease present with infected pancreatic necrosis 4 weeks after the onset of the disease (2). Moreover, the risk of infection increases with the extent of intra-and extra-pancreatic necrosis (2, 3).
Treatment of acute pancreatitis in its early phase is solely supportive. Since development of infection of pancreatic necrosis is the main determinant of morbidity and mortality in the late phase of severe pancreatitis, prophylactic antibiotic treatment is recommended. Although a recent multicenter trial did not show beneficial effects of prophylactic antibiotics, the latest Cochrane review continues to recommend the prophylactic usage of antibiotics in severe necrotizing pancreatitis (6). However, the general acceptance of prophylactic antibiotics is rejected by the British Guidelines. Thus, there is an ongoing debate on whether antibiotics should be used in necrotizing pancreatitis and this is discussed in greater detail in another article of this issue.
Since surgery can only be effective when a septic focus can be identified and potentially removed, it is essential to differentiate between sterile and infected necrosis once pancreatic necrosis has developed. Infection of necrotic pancreatic tissue is usually suspected in patients who develop clinical signs of sepsis (7). These patients should undergo CT-or ultrasonography-guided fine-needle aspiration (FNA) of pancreatic or peripancreatic necrosis (5, 7). FNA is an accurate, safe, and reliable approach to differentiate between sterile and infected necrosis (8). It is important to strike that only those patients who present clinical signs of sepsis should undergo FNA, since FNA bears a potential risk of secondary infection.
Today, more patients survive the early phase of severe acute pancreatitis due to improvements of intensive care medicine, thus increasing the risk of later sepsis (5, 9) . While surgical interventions should be applied only in selected cases within the first two weeks after onset of the disease (10), surgery and minimal invasive interventional procedures are important in the treatment options in the later phase of the disease.
INDICATIONS FOR SURGERY INFECTED NECROSIS
Proven infected necrosis as well as septic complications resulting from pancreatic infection are well accepted indications for surgical treatment (5, 11, 12) . The mortality rate of these patients is higher than 30 %, and more than 80 % of fatal outcomes in acute pancreatitis are due to septic complications (2, 5, 13). When treated non-surgically, mortality rates of up to 100 % have been reported for infected necrosis associated with multiple organ failure. With surgical treatment, the mortality rate for patients with infected pancreatic necrosis was decreased to about 10 to 20 % in various specialized centers (5, [12] [13] [14] [15] .
STERILE NECROSIS
A conservative approach is accepted in sterile necrosis as long as the patient responds to therapy (5, 7, 15). However, when sterile necrosis is associated with organ failure, the role of surgery remains controversial.
Some patients with sterile necrosis do not improve despite therapy in the ICU. Thus, it is generally agreed on that persistent or progressive organ complications despite maximal ICU treatment are an indication for surgery in patients with sterile necrosis (7). However, there is no established uniform definition of when a patient should be considered a 'nonresponder' to ICU therapy.
In addition, surgery may be indicated in the rare event of rapidly progressive multiple organ failure in the first days of acute pancreatitis despite ICU therapy ('fulminant acute pancreatitis') (7). Nevertheless, given the poor outcome with both surgical and conservative therapy and the lack of published data, the optimal therapy for this subset of patients remains unclear.
BEST TIMEPOINT OF SURGERY
Today, there is general agreement that surgery in severe pancreatitis should be performed as late as possible (7). The rationale for late surgery is the ease of identifying well-demarcated necrotic tissue from the viable parenchyma, with the effect of limiting the extent of surgery to pure debridement. This approach decreases the risk of bleeding and minimizes the surgery-related loss of vital tissue which leads to surgery-induced endocrine and exocrine pancreatic insufficiency.
Mortality rates of up to 65 % have been described with early surgery in severe pancreatitis (2, 16), questioning the benefit of surgical intervention within the first days after onset of symptoms. In the only prospective and randomized clinical trial comparing early (within 48 to 72 hours of symptoms) versus late (at least 12 days after onset) debridement in patients with severe pancreatitis, mortality rates were 56 % and 27 %, respectively (16) . Although the difference did not reach statistical significance, the trial was terminated because of the evident risk of early surgery. Therefore, only in the case of proven infected necrosis or in the rare cases of severe complications such as massive bleeding or bowel perforation, early surgery must be performed (5, 7).
TECHNIQUES OF OPEN PANCREATIC NECROSECTOMY
The aim is to control the focus of sepsis. By this, complications are avoided by stopping the progress of infection and the release of proinflammatory mediators. A generally agreed principle of surgical management includes the organ-preserving approach which combines debridement and postoperative removal of retroperitoneal debris and exudate. Four principal methods have been advocated: necrosectomy combined with 1) open packing (17), 2) planned, staged relaparotomies with repeated lavage (12) , 3) closed continuous lavage of the lesser sac and retroperitoneum (2), and 4) closed packing (15) .
Necrosectomy/debridement
Necrosectomy has traditionally been undertaken by an open route. A longitudinal midline incision allows the assessment of the entire abdominal cavity, the irrigation of the entire abdomen, and a diverting ileostomy for patients in whom the necrotic process involves the retrocolic area. After the abdominal cavity is opened, the gastrocolic and the duodenocolic ligaments are divided close to the greater curvature of the stomach, and the pancreas is exposed. Once the focus of necrosis is exposed, debridement is carried out bluntly. This technique avoids removal of vital tissue and reduces bleeding complications. After all loose debris has been removed, the retroperitoneal cavity is irrigated with several litres of saline solution.
While necrosectomy is performed in a more or less identical fashion, the four techniques differ in the way they provide exit channels for further slough and infected debris. In hands of experienced surgeons, mortality rates below 15 % have been described for all four techniques: 1) open packing: (17) (18) (19) (20) ; 2) repeated laparotomies: (12, 14) ; 3) closed packing: (15) ; 4) closed continuous lavage: (2, 5, 20-22) ( Table 1) .
Open packing
The cavity is lined with a nonadherent dressing and packed. The patient is returned to the operating room every 48 hrs for further debridement and repacking until no further necrosis is evident. After several reoperations, debridement may sometimes be performed in sedation in the ICU until healthy granula-tions appear. Then, the abdomen can be closed over drains, with or without lavage of the cavity (23).
Planned, staged relaparotomies with repeated lavage
Following the primary necrosectomy, planned reoperations for repeated necrosectomies on an every other day basis are performed until all devitalized tissue has been removed, granulation tissue has started to form, and the surgeon is convinced that the necrotizing process is controlled. For ease of repetitive surgical access, some surgeons incorporated zippers into the abdominal wall. Finally the abdomen was closed in a delayed primary fashion over peripancreatic drains (12) .
The other two techniques, necrosectomy and subsequent closed continuous lavage of the lesser sac (5, 22) and the "closed packing" (15) , have implied a postoperative method to continuously remove residual pancreatic necrosis.
Continuous lavage of the lesser sac and retroperitoneum
For closed postoperative local lavage, two or more double-lumen Salem sump tubes (20-24 French) and single-lumen silicone rubber tubes (28 to 32 French) are inserted from each side, directed to the left and right, and placed with the tip at the tail of the pancreas, behind the descending colon, the head of the gland, and the ascending colon. The smaller lumen of the Salem drains is used for the inflow of the lavage and the larger lumen for the outflow. In addition, evacuation of smaller parts of the necrotic debris can be evacuated over silicone tubes. The gastrocolic and duodenocolic ligaments are reapproximated to create a closed retroperitoneal space for postoperative lavage. 35 to 40 litres lavage fluid (standard peritoneal dialysis fluid) are used in the first days. Subsequently lavage volume can be reduced depending on the appearance of the effluent 
Closed packing
This technique follows the same principle as the continuous postoperative lavage as it also ensures a continuing easy egress of residual necrotic material postoperatively. After the necrotic tissue has been removed and the cavity irrigated with saline, the residual cavity is filled with multiple, large, gauzefilled Penrose drains as well as closed-suction drains. This also packs the abscess cavity and by this controls minor bleedings. All drains must be brought out laterally to ease drainage. Drains can be removed successively after a minimum of 7 days of continuous drainage. At the same time the gauze packing must be gradually removed which results in a slowly collapse of the cavity (15) .
DISCUSSION
Although the incidence of recurrent intra-abdominal sepsis decreased significantly compared to single necrosectomy, the postoperative morbidity remained high with the "Open packing" and " Planned, staged relaparotomies with repeated lavage" techniques (Tables 1 and 2 ). Both methods have in common that they mandate several relaparotomies before final closure of the abdomen. There is a positive correlation between repeated surgical interventions and morbidity including gastrointestinal fistula, stomach outlet stenosis, incisional hernia, and local bleeding. Especially the number of pancreatic and colonic fistulas was significantly higher compared to necrosectomy with subsequent cleavage of the necrotic debris by "Closed continuous lavage" or "Closed packing" (5, 12, 15, 23) (Table 2) . Thus, both techniques are particularly useful if the intervention has to be performed early in the course of necrotizing pancreatitis before full demarcation of the pancreatic necrosis occurs. Thus, these two procedures should be considered in the rare case when early debridement is indicated (7) . In contrast to these two techniques, both ,"Closed continuous lavage" and "Closed packing", have implied a postoperative method to continuously remove residual pancreatic necrosis (7). Consequently, relaparotomies are frequently not necessary. By this, postoperative morbidity especially the incidence of gastrointestinal fistulas and incisional hernias is reduced (Tables 1 and 2) . The results of these two surgical strategies with regard to morbidity, relaparotomies, and mortality are comparable and thus dependent on the preference of the surgeon. At our institution, we routinely use the continuous lavage of the lesser sac and a single surgical approach was successful in 83 %. Today, "necrosectomy and subsequent closed continuous lavage of the lesser sac" is the most commonly applied approach (7, 10).
The differing success rates reported by groups using apparently similar approaches illustrates the difficulties in comparing these techniques (Table 1 and 2). Most techniques are associated with an average mortality between 10 % and 20 %. However, the mortality in patients with established multiple organ failure is even higher (19) . In the abscence of randomized trials, it is impossible to determine the hidden effects of factors such as referral pattern, patient selection, comorbidity of patients, pre-surgical percutaneous management, and indication for surgery within the literature.
The high mortality in infected pancreatitic necrosis despite surgery has led to the development of several minimal invasive techniques including radiological, endoscopic, and minimal invasive surgery as alternative procedures (10) . Proponents of using minimally invasive technologies in this clinical setting cite a desire to minimize the physiological insult in patients who are already critically ill (24, 25) . However, no data exist to clearly demonstrate that minimal invasive procedures are less prone to morbidity than open surgery. Safe retroperitoneal access and necrosectomy is possible in some, but not all patients depending on size and localization of the infectious foci. No randomized studies exist comparing one management technique with the other. All reports on minimal invasive surgery involve only small numbers of patients, are analysed retrospectively, and involve selected patients with an enormous variation of comorbidities and disease severity. In the absence of well-designed clinical trial, we must be cautious in the application of new technologies. Thus today, outside from clinical trials, minimal invasive surgery should be limited to specific indications and to those patients who are critically ill and otherwise unfit for conventional surgery. The role of minimal invasive surgical techniques in the treatment of infected pancreatic necrosis is outlined in detail in another article of this issue.
Today, open surgical debridement is the "gold standard" for treatment of infected pancreatic and peripancreatic necrosis. "Necrosectomy and subsequent closed continuous lavage of the lesser sac" is the technique with the lowest morbidity. Consequently, it is the most commonly adopted technique to continuously remove residual pancreatic necrosis postoperatively.
